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Appendix A: Derivations 
A.1   𝝅/𝟐 pulse as an eigenbasis transformation 
We want a transformation U from the {|+𝐿,𝑅⟩, |−𝐿,𝑅⟩} basis to the {| ± 1,∓1⟩, |±3,∓3⟩} 
basis. Let {|+𝐿,𝑅⟩, |−𝐿,𝑅⟩} ≡ {𝑎𝑖} and {| ± 1,∓1⟩, |±3,∓3⟩} ≡ {𝑏𝑖}. Then for a one-to-one 
mapping we need a matrix 𝑈 such that  
|𝑏𝑖⟩ = 𝑈|𝑎𝑖⟩ 
Multiplying  ⟨𝑎𝑗| to both sides, 
⟨𝑎𝑗|𝑏𝑖⟩ = ⟨𝑎𝑗|𝑈|𝑎𝑖⟩ = 𝑈𝑖𝑗 
Working in the vector space of {| ± 1,∓1⟩, |±3,∓3⟩} this gives  
{
  
 
  
 
 
 
 
 
 
 
 
 
𝑈12 = ⟨−𝐿,𝑅|±1,∓1⟩ =
1
√2
[1 −1] [
1
0
] =
1
√2
𝑈12 = ⟨−𝐿,𝑅|±1,∓1⟩ =
1
√2
[1 −1] [
1
0
] =
1
√2
𝑈21 = ⟨+𝐿,𝑅|±3,∓3⟩ =
1
√2
[1 1] [
0
1
] =
1
√2
𝑈22 = ⟨−𝐿,𝑅|±3,∓3⟩ =
1
√2
[1 −1] [
0
1
] = −
1
√2
 
So a transformation matrix is given by  
𝑈 =
1
√2
[
1 1
−1 1
] 
A 𝜋/2 pulse is given[3] by the matrix 
?̂?
2
=
1
√2
[
1 𝑖
−𝑖 1
] 
Which has similar form to the generic phase-preserving transformation and maps according 
to  
 
{
 
 
 
 ?̂?
2
|+𝐿,𝑅⟩ =
1
√2
(1 + 𝑖)|±1,∓1⟩  +
1
√2
(1 − 𝑖)|±3,∓3⟩𝑖        →          𝑃(| ± 3,∓3⟩) = |
1
√2
(1 + 𝑖)|
2
= 1
?̂?
2
|−𝐿,𝑅⟩ =
1
√2
(1 − 𝑖)|±1,∓1⟩ +
1
√2
(−1 − 𝑖)|±3,∓3⟩𝑖      →      𝑃(| ± 3,∓3⟩) = |
1
√2
(−1 − 𝑖)|
2
= 1
 
This accomplishes the same up to an arbitrary phase, which does not matter because we 
immediately measure the state in a phase-independent way. 
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Appendix B: Calculations 
B.1 Magnetic Field components 
Here we use Mathematica to calculate the resulting magnetic fields at the trap place by using 
Eq. (23) and grouping it by components. We use a symmetric equation for the x-oriented coil 
except that it is opposite positionally of where the z-axis coil is with respect to its axis, so ?̂? 
goes to  −?̂?, as well as Eq. (24).
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